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1 

[ii^iin -«s^R» Fex My Nz x-m^nm 

«m7t'>-=5:<i:i>-atfO7c;Slt*0. y, z{i 

#lS^^7Cfg<^lI^W'«-*S:7j^U. Tie ( 1 ) ~ ( 4 ) 5^ 



3^wg20 (1) 

2 5SxS93. 9 5 (2) 

0. 05^yg50 (3) 

3^2^30 (4) 



imm2]miFem<^o. oi~5oiSi^%s-c 
o xmm ifzz b ^^ti z b mwLb -tmntm i is 

lii^JB3 J — flSstR"/ (100-z) F ex/(ioo-z) M 
■y/(ioo-z) X-m^iX, (fit. RliY$-^tf#±«7C^ 
*»/?>l(fflJt^-^r< i: i-SOTi*- M{±C u it/ 1 

fiTie ( 1 ) ~ ( 4 ) ^mm^zmfzt, > 



3^wS20 (1) 

25^x^93. 95 (2) 

0. 0 5gyg5 0 (3) 

3SzS30 (4) 



±ffl*«fneR*3j:i/F e i:i.^^bi-^mmwikxiir^ 
i^bthm^^^tx^^mmm^^i-iR-F e -M 

^^^S-, mm^:^. Ty^~Tffx<r)oh'y-ti:<bh 
-a^^O^HmTT, 2 0 0-6 5 o'c<nim^mz 

J; oa«Ji-r§ ^ t m'^b-thm!&nn<^m&-n 
[ooon 

■thi^<r)X'hh, 
[00 0 2] 

[^^*wft^rr] mmm. m^n■mff^^. w#i^B°n, 
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[00 0 3] ZnmKcomMliZiBx.^ Sm-Co5^, N 

d - F e - Bmb'm±mmmmmwti^Mmiz 

3 X h A^r« < . N d - F e - B ^^tt 

mmmmm^tix^^i (mm. 

Bmmmcr)X)^mmmmb ixm^^tix^^y 

I., 

[0 004] L*>L***f>, Z(r>^±m-F e-N^m 

mi:mi)<mixmm-th^ui. mmmit^n 
x^mm^&TL. zcr)mw^m-^ix\'^^mtmm 

Zmmb LX , %±m- F e - NJ^W^JCC u , I n 

^tiiimmi hti. z<n^±m- f e -m - n^mm 

20 ^c:o^,^Tii, mTO6 2-26930 Wm 
6 2-1 3655 
[0005] 

[ %mm^ Liob-fhmm] LPi^^ifh. flua^co 

#^{w^*$n/::#±«- F e - M - N^iKliffm- 

bzfih<^s.imtmm, m^thzb^z^mm 

X. ^w^m^if>b-thm.mmi. mmtii\ib'i& 

m^h.ir^z^Lb'^it-fhzbi]-§'ti-"ofz. 
[0006] if^mt. mmmimm-h^mzmi . 

h^^'rf7m<ry^^Am^-tht3tX'^j:< . m^BW^ 

bw^^bm^-thzb^ziiy). mummm'&bmx 
tzmmim ^ m^^-^^±m- f e - m - n mm^m 

b^(r,m^-^'Ab^mm-hZbi:m'^b^h. 
[0007] 

40 i,z. mimimimfMi. -sijCRw Fe, My .N. 

X'^^fimm-^h^j:*). (lit. R{iY?r-iftf«iJi 

Tmi:^hm\iixtz'yti:<b^-m<^7tm. WiCnUX 
1/ 1 nt->hm.\iixtz'Pti:< b t-fflcOTC-^T'* 0 . 
X. y. zti^S-lt^TC^Ojl^^H^^SrjSL. TIE 

( 1 ) ~ ( 4 ) j»:^isiii#(c)i;t-r, ) 

3gwg20 (1) 

25^x^93. 95 (2) 

0. 0 5gyg50 ( 3 ) 

3Szg3 0 (4 ) 

50 ±ffl*SBinBR. Fe. mmi.'^^b'fhmmw^ 
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[ 0 0 0 8 ] oBmil 2 cy^iim^ii , iwiB f e myn 
0. 0 l~50S-"P%SrCot'S^L!tC:i:SrWfSv: 

R»/ (100-2) Fex/(ioo-z) My/(ioo-z) T'^§fL, 

$r^L. w. X, y, zJiTie ( 1 ) ~ (4) 

3Swg20 (1) 

25gxS93. 95 (2) 

0. 05Syg50 (3) 

3SzS30 (4 ) 

mb-rmm^Lx^^mmm^^i-iR-F e - 

t>-a^^tJ#H^7t\ 2 0 0-6 5 0'C(^SS^ 

[0009] if ^R3S 1 fcil/ 2 \,zii»hwmf\(nmt 
T^Xhh^±mM (R) fcLTIi, Y. La, C 
e. Pr, Nd, Pm, Sm, Eu, Gd. Tb, D 
y. Ho, Er, Tm, Yb, i3j;I>'L u 

it%ff'^tixX\'^h'm.f>^hh. Uzif-^X. 

l-^ftl&fflV^Ttftlr^ »^Ll.^*±«7cWi. Y, C 
e, Pr, Nd. Sm, Gd. Dy, fcll/ErT'fo 

$'i>t;*ftLv^i,(7)i:LT{i, Y, Ce, Fr, N 
d. fcJ:l>'Sm*iW^>ftS. 

[0010] ^T-fflv^s?fe±«7c« ( R ) ti. i«W 

iIA*Wt^,ft=5rv^:i^M!tl!l, «?ij;c{f. O, H, C, A 
1 , S i , F, Na, Mg, Ca, L i ^i;>'#:ttLT 

%%x:hh^ ( F e ) {i, z<m'mm^zii\^xmm 
3 m-mx:h 0 . ccoi5^)£^sr 2 sm'f-xa^t 
^•fh-mifhi'. tfc. zcomjs.-^<oo-h(oo. 0 1 
'-5om^%ic ox-mmiit^-^ . cocomx 
izx'o. ^a.v~}^tmittti<±mhtbuz. mm 
^bitti*]±T'^i., mzti^^xii. mmtmtiUz 

Fecr)0. 0 1-^5 0lg.^%^CoXW^ltlh 
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4 

( 0 0 11] mtmmmcoss.-!&7mx'hi^w, ( m ) 

ti, c ufc itA' I n*^A>s«tL/;:^-^:< t h-mcojm 

X'hht)K M" B^^fctT. Ga. Al, Zn. Sn. 
Mn. Cr, Ni, Li, Na, K, Mg, Ca, S 
r, Ba, Ti, Zr, Hf, V, Nb, Ta, Mo, 
Pd, Ag. B, C, Si, Ge, Pb, ai-lfB 

1 (r)jm<^ 0 -h-mt tiiizma^coitmi , c u ^ j; 

r//tt:i,ii nbbhi,z^^^^Xi>^^\ zco^-^. 

10 -^X. U*»tCufcJ:U'/*?t{4I nhO-^IWO. 
0 5-5 OIS^%co«!Hi:^l. J: 9 tL:5rttixti'^^>'5r 

[0012] fiiBMtttt!i£»tCfettl>#i^«, 

2 01^^%, ^fi)c^^*i2 5-9 3. 9 5iS^%, MfH^ 
f}^0. 05~50iIf-%, S.m^M^3-3 0m^%b 

20 #,^V\ tJt#±«7E»fi?^^*^'2 0JI^%$:JS;i|,t, 
[0013] R - F e -N7km'&:mfMzntlMm^(D 

mtmmi. i.i,zmm-im<om±x'hh. m^jfti^o. 

0 5JS^%*)^0^{4, Bira!<oJ; ■?^ivi<o^pJ56m*^' 
»*Lv^«gi|{i. 0. i~3 0M^%fJ>l.. ^fc, M 

)S^^«D{=j; D . m^^mmim'^^mzx -^x 

[00 14] mai(7)J:dtC, R-Fe-M-^A/\^S$: 
^Afl-CfctCiO, R-Fe-M^^0^^1Si=-{cP 

m^3iM'?-%mx'i,i. zcox 0 ^j:i^m^+mz^m^ 
ihb mitm< =5r 0 , mmmmb tx amma^ 

40 i:LTJ:0#*LV^KH«i, 5~2 5JI^%T*'), # 
L^^$lffl«41 0~2 3J!Ii^%T-a^l). 

[0015] mmi&^<r>&m^j:-^^&ii. gwt-t^R 

-Fe-M-N;^BI14W|;|C0R-Fe-IVlfflfi!cJ:b^- ± 

ffl<7)#ttit. i5XV^^amm^j:bizx^xm^j:'o . mi 

^±b LTS^**^tcji. mm^-^<om.t£t^mi 1 
4-1 5ii^%#iat^^. cct-v^dfta^amai: 

50 **-c-*)'), msm^ifiWLmb\^o<r)\i. %-m]<rim. 
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[0016] -If. immit5J:x/3(o@.mfMz}5\'^ 

1 0 0 1 7 ] ^c7) j; 9 ^#-&A/\c7)g*<o^Atc J; 0 , 

mmi^zx-^x. mmm'^aTiz^^tmm^nd 
<7)mMt ( 4 ;r I s ) , m^mMm& {Br) .m^ 

mU^m^ (Ha), IKmM:frttx4-;U^'- ( E a ) , 

iama:^ri4Jt, =>f jl'j-^ (tc ) . m^mii ( i h 

c ) , nrnH, { B r/4 ;r I s ) . Wckx.^f\^^-m 

[ (BE) maKUfmmmia) . mnmm^ 20 

mmm 1 5 k o e EnjpL7tii#coiiitia'(k;'3(«noM 

( a ) i:^mjL:^|t]c7))K-fk ( b ) i:(73j:b ( a/b ) T 

[00 18] 0i);i{±\ «^^tLT, S®f!MgjtS:^-r 
I.Smi7.iFe74.6Cu8.3 g^J'SfA 

im^mAbLxwmKc-mmyfmzmti. mMmu 
ztiamzmbLx. mn^emmi^t^R. f 

[00 19] rntii. RFei2-yM' , Nz fflcOi 3 

E:^r^BSrKs^stt^oiSv^a•^L^S!lffi$:■§i•^T'v^•ci>^ 

[00 20] ff^coS3t^ff{cJ;'?^^7)J:3^:<iji«-» 

^^^siiiu. zm-^^izmm^mxi-xnt^ixtzR 
- F e - M - N^Kttw^sfio 0 h , mmam^i^mi^ 

*^'0. 0 1—0. 2//m-c*l>t<7){j:, \^y~y'/m<r> 
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(tic J; o T eaffitC®;littE)c^^^^ife t r t , (SIS:'] coffi 

[002 1 3 m%lR-F e-u-\^mmMf^<noh^ 
H^i?4fS|(7)¥ifejSESI*^' 0 . 2 - 3 m t"$) & t , 

coS-fL^jrp i. M fc *^ ^> , i}St-fl:tt*«;i6 

Xn^^m\tt£h, tfz. JSBWHW*^gESi*>3^tm 

[002 2] L/viA^JoT, if5l<3SlfcJ:lA"2c7)iattTO 
\zii\,^X\,i.mm!lSi<r)^imn.-^0. 0 1~3iumt 

0. 0 3-\u.mX'hh. tch. m'-&<r)mm^<^W-^ 

|s]±^i^^/ilg?fiS:n^i<o^^©^^ov^TH-allL. 

[0 02 3] i^^, W«JilfcJ:{/2tf0fiSttTO{i. 

(r)±mHz}Ami±wtthitWin¥miLx\^m 

i:ifig-ft't4t*^'l^±-tS. >10j:3^rR-F e-M-N 
.^iKttTOtC, 7k* ( H ) 2: 0 . 0 1-15 S^%C7)® 
mx'^ts:ibi}^ntL<. ^^.Wi, iS*(0) to. 

0 1-1 5Ig^%(?)IKHt-g-0>lt*Wi;Lv\ 

t L ^ ^7KS^«&l^'K«^Wfi«i , 0 . 1-10 

[0024] Lfzt'^'^X. li^lSlfcJ;t>'2tfc(tl.R 

-¥ e-u-nmmmA<n^^zntL\^mm±. r» 

Fe, M, Nz Hu Ov X'^hLfzb^ . #fi&^7C»«0 
M?-H-Ji-*Sr^-tw. X. y. z, u, v*«Tie(5) 

-(10) inmzmfz'fi><nx'hh, 

3gw^20 (5) 

25^x^92 (6) 

0. I^yg30 (7) 

1 Ogz^23 (8) 

0. ISu^lO (9) 

0. l^vSl 0 ; (10) 

mm3<^mmfmx\i. tLmmttRniv^F e i± 

mfbthmmW^X\i.-^-)i^<r>^m^nX'h hbbi:^ 

(c. ^m.m)^wm.m. 0 i-s^umt-^oT^ 

mmm^zmmmii-Wb^mm^ ix^^m 

ffi)tS:^ftl.R-Fe-MJ^^^^, ^%i1X^ T^t 
~7ij:x<n ^ ^^-^< b h-miis<smW^TX\ 2 0 
0-6 5 0-CO?S^mcJ:0M'ffc«ia-t5**. J: Oft 

<W^^^<r)^m> R - F e - M^^cOMitS i: LTti. 

^ ) ±m±m^mm\,zi.mmh. isa=6ri^iciS3i 
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f> -lir^^-fLt S H D D R ffiOV ^-f ilSr ffl V ^ 

[0025] iSI^«S)B^^^r-^'«M?S?•fflV^/^*|^ 

xmmfdki^^m.:h(omimmzti^cox'h^, 20 

[00 26] S4>(c:, r;ud'>', '^'j'^A^t'co^vStt 

i L < (iKS*, 6 0 0"C- 1 3 0 0°C(7)?aSle 

x'^Ltz^M. mm^tciLX^Ltzi^^bi^cr^ 
xi&f^ffimx'h^ . ^\^nmMm^^^tx\^ 

I.. 30 

[0027] rnm^m^^^'^tz^^zi.i, wm:t^m. 

*>*^T-j)i.. xm^zi. m%hixfz^± 

t.'mmtxmm^zmm-hz. t m^xhi, z<7) 

[00 28] R/D^S, ^:<fr.;^;Pro^ y^ffi, fcj: 

v:yiDDRmizx*)mmifz^^x'it. m^amo. o 

(r>m'^mmt:mizmwuzK)i-hztmmx 

hhfzih. ±m<ommm>,zwmi^'jfti-mi^ 

^mt^m^mm<nim.i,zmt. mm<r>mm^<,zi5 

\-^Xm'^^tlh. Smz FenNx ifficO^al. 
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itizj: n'^itthZtimtfz\'^m-^i,zi,i. T^-m:^'x 
#ffl^T6 0 0-110 O-COfflSleHt'Wi-ri.^ 

<mfmm^Wi>±iic^i7mximuz^^^ 

[0029] i^'3-^5-yi-^-> ^yv 

i^^j:)icojii d^j:mmim\^x i> . m<x^xn. mt 
mmzmm±^^<n^m-M^mmhztm'^ 

tfz, mfm^'n-^fz'iki^z. ^l.v^^. ms^hh 
^m'^m^mmm. i'^^y^^tizx^mmmi 
'not. mmmt^x ^i^mznhiih, 
[ 0 0 3 0 ] ^rfc. ffl»i^. ^mtx'i%(:>titzm.mMz 

mm^thZti}^X'^^^^^$)h. 

<mit ■ m^>±iicr,1jm^ZX 'OnhtlfzR-F e - M 

fjXtsi}i(r)^Wm:-^\iiiX^Wk'^'i:X. fe^ffljil*! 

[0031] dot % . ^\\Mm.ijxMZ7m^^^ 

txmtx^hfzyb^%\^\^, tfz, mwj^^vmt 

hfzih\,z^ 7)Vd[y^ ^'J>>A. ^■«:ty^ri:'<7)>r?gtt;<f 

[0032] 3DSi?aJS«i. -ft^^fflE^S^^Hmt J: 
oTM'SrS*^'. 2 0 0~6 5 0'Cc7)lilIfc1-|). iif*L 

V^fgJKlEffl{i2 5 0-6 0 0°Ct'J)l., t/c, g-ftSrff 

. -yfz'^k. -=^-'mi]'xiixrf/ttz<,t7\^m^x^x"m.'t 
hb. m^im^^h^z^^i-x^h. m^-m^m-t 

Lx\i. mm.tfz\imMm^wjm.^K]&^, mi 

[0033] KJKlCfflV^I,;yxcO0t|^:^afc LTtS, ^ 

jnoiiomiig:^. ^nmzo. oi-'iom.x'^x 
^mxi-i$ixij^. m\'Mi^iit^im'^'>tfzumm 

Z<r)Xoti:m\mm\,zi5\ii.mm:m.^mi. w 

yd-, hX'htmawxhhMzx , vmx- 
hm^^z\t. mw&. mmm. ^mM. axx/ 
wmmf^zx 0 - -^yd-v vxhh^i,z},i. mwm 
'^wmm^zx'owjih, 

[0034] mz. %mm^'m^tthti^\,z 
axv^mrnifio^^ffihh. 
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m-^^'-lV%)V. m^^^-lV^lV, -^XvhS/l-. XI y 
[ 0 0 3 5 ] ^fc , C0ISTM^^^$: $ hiiZWiW L . 

^•th^t\,zi:m^mr-uo. L<r)Xo^j:m^m 

3lE4^««IEr6]^#l.7ti6t, L<t41 0 kO 
e $ <i>(C»^ t < (i 1 5 k O e tlicOKJ^+TIt 
■3. 

[ 0 0 3 6 ] iiTc . m-H>lSL^^> Ha55:f^i!-fl.^^t- 20 

[00 37] ic7)«iK{4. f?i)i.{f. 9fa^S:?l4-ri.« 

*f^L.<l41 5kOelii±. $ ^>(Clift L<t43 0 kO 
eUJit^l., 30 
[0038] 

[^ffl] il^lHHCctmf. R-Fe-M-N.^K1tff 
^4(3fc(t§#fi)c:«-7C^<Offl^^ ( 1 ) - ( 4 ) W^tcj; 

:^r8lWt^t-«.^ti:tctO, R-Fe-M-N^Stt 

[00 3 9] t/i. ^<7)^«gfttCfc(tl.«Sa«&rao^l^ 

^mt'^ 0 . 0 1 - 3 ;u m f* 0 , fSsfamraltl flieM fiil^ 

^±wt^hmti'^^i£Lx\-^hwmt-thz.ti,zx 40 
^>^;b*>, ^mtmcn^wm-h^o. oi~o. 

t t><x'^ h h<r>-c$)it:it>. mmitmmi^xn^^nm 

[0040] ^^SEIcO¥i^KSi*«0 . 2~3 At mT'S) 

^mmm^t-^Kxi,. ^^BmizM& 
^i^Et^t-ri>nti^^ix\.^^t:iif). dcoM^^w^^ 50 
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1 0 

mm-itmmibxn^ mmt ^ri. . 2 1 j:ni4\ 

[004 1 ] M5KI83 tcj;it<4\ ±10*^^ J;l/ F e i 

ijiX-^tthmmi¥^xiif;:ij^c)m^x'hht 1 1 

, ^fB^iralcO^i^Sgil*^' 0 . 0 l-SumXh^X. 

stMikw.mi,zmm!&-;^i±» t -t im^^^ ix^^m 
tSjt^*-ri.R-Fe-M^-^^S:. mm'x. ry^ 

-rf}x<r> 3 *>^-^< t t-M$r^tf#ffl§vTs 2 0 0 

-6 5 0-CO?aK^^ffT'M»a-t.|.ii:tCj; 0, g« 
*iR- F e t-^t.tih^^n^^m-mMX'fhtiK m 

[0042] Z.i\.\,zX. *) , ±ffl*^'frieR , F e . RU'N 

i^i&j^bthmmi^^BX^iyK-n^acom^xhi 1 1 
itc. !^s,nm(^i^^m*^o . o i sumxh^ 
X, mmmzmmmi±t^ti-mm^LXK^ 
mmm^-ti R- F e -M-N-^^^nt^tm- 

[ 0 0 4 3] 

[0044] ■r'5r*>*>, ^mLmmi P.m<r>R-F e- 

M--Himmwi. ^vummi 5koe4', 1 2to 

n/cm2 T'5mmX 1 OmmX 2mmgJgtfi)yeL, 
^<7)iSJef^:S:M?aoT. 6 0 k O e<7)lKJl-CVNVl/X«ia[ 

L:^cm. mmmfmm,m (vsm) {cj:oiiwm«;:>j 

( i Hc/kOe) ^M'&Lfz. 
S i 3 N4 ( S i 02 &^^tf ) ^gJPsCflfc LX . 

wm:^'mmmi,zx^^mLfz. ymmt. wm^ 

mijX (99. 999%) ^mW^':^ t VX . ^vSttX? 

xmrnmiizx^MMifz. 

«¥%sfi> • i-~x]msmmfn^^xm^i 

imm\m.^- 1 > 1 1 o'ct'2 oo^rsiisk^Ltzmk 
\,z^\ihwm%m.-n<r)%m^ {%) izxmmtfc, 
[0 04 5] f^t)^, w^coxdi,zixm^^m:h 
(A) ^fpffifUvifiiygiasr, 1 1 o'ccom^mizxiix 
. 2 0 omjsim Ltzmiz. mit mmz txmm.ti 

i3.b\ mmmmm^K mz. ^imxum^<-^ y 
y-imw'^i'i'zmmix^^ifzib. m^7o%im 

xmm^m^j:nn b i> , 

<:iWK-ftttfig- 2 > 1 5 /X m tiiS U^cffl&^«s 

SCPl 0 m g ^m^iZ^JX. 5 0 m 1 /m i nCOSM 

^8^4", 1 O'C/m i n<7)3iJgt'5 0'C*>A, 2 5 Ort 
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1 1 

<mtmi>mS.99. 9%iOSm, $$^99. 9%C0 

^W%^X\ 94_0°C'C71l#rB]. MV^T 9 0 O-CT- 1 0 
Of^mtmth^lbliZX'O. Smi3.2Fe78.iCu8.7 

[0046] Z(/)^±^=J^-9y'yi^^'-^zX'0?m 
I . iX t ^ t-^S#iim>t' o - 5 ;P-C $ ^> l,zVM Uz 

a t m , >K*;<f X 0. 6 8 a t m(0?I-^M?Itf T-JDI^ 
5 Mz J; 0 Ti^SS*^ Ifxm ^zWiV^^ Uz . 

'^hixtz sm-Fe-cu - njmW'<nmLt . wg^-fi: 
'mmmf^^timizmx^-t. ium{z^mL 20 

:^cSm-Fe-Cu - N^»f*<0«}^«!<7)|lt«^a:*]{i 

10. 5\iOe.mtm^mmil . 4kGT-J>->yi. 

Lxmrnw^ij^h^jih^m^BX-h-^i^, 

[0048] SEMSt/TEM^XtCJ:I.IBtlfO 

^a. ^Bmra(7)¥^ggmo. I jj.mX'h->x , 

<mMm2>mK99. 9%tOSm, fag^gg. 9%(7) 
Fe,SVM]S99. 9%<r>l nim\-^XriVzSy:^'X 

#fflSv,4'T\ lOSOrT-mfSI. iggl^TSOO'Ct-S 
on^WithZbl.zX'O^ Smi2.8Fe8i.i I ne. i 

m&<n^^mmuz. 

( 0 0 4 9 ] WT, mm 1 h nrnzLx^mm 1 5 

S m - F e - I n -HlhfmVi^tz. 7 Tn<7)m^>/i. 
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(54) MAGNETIC MATERIAL AND MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To provide high magnetic characteristic by specifying a composition of each 
component element of R Fe-M-N magnetic alloy and by specifying a crystal structure of 
polycrystal which forms a main phase of the alloy as rhombohedral or hexagonal mainly 
composed of R, Fe and N. 

CONSTITUTION: This material is composed of a substance which is expressed by 
RwFexMyNz wherein, R is at least one kind of element selected from rare earth elements 
containing Y, M is at least one kind of element selected from Cu and In, and w, x, y, z show 
atomic percentage of each component element and satisfy 3<w<20, 25^x<93,95, 0.05<y<50, 
3<z<30, simultaneously.) and its main phase forms a rhombohedron or a hexagon R, Fe, N- 
based polycrystal. It is a magnetic material whose average distance between crystal grains is 
0.01 to 3|Lim having a fine structure wherein an M element-based phase exists between crystal 
grains. Thereby, a magnetic material having both high magnetic characteristic and good 
oxidation resistance can be acquired. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

. 1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] General formula Rw Fex My Nz It consists of matter expressed (however, at least, it is at least 
a kind of element chosen from the rare earth elements in which R contains Y, and a kind of element with 
which M was chosen from Cu and In, and wx, y, and z show the atomic percent of each component 
element, and fill following the (1) - (4) type to coincidence.), 
3<=w<=20.... (1) . 
25<=x<-93,95 .... (2) 
0.05<-y<=50 .... (3) 
3<-z<=30 .... (4) 

The magnetic material which the mean distance between crystal grain is 0.01-3 micrometers, and is 
characterized by having the microstructure in which the phase which makes said M component a subject 
between crystal grain exists while the main phase is ******** or the hexagonal polycrystal which uses 
said R, Fe, and N as a principal component. 

[Claim 2] The magnetic material according to claim 1 characterized by having having permuted 0.01 - 

50 atom % of said Fe component by Co. 

[Claim 3] General formula Rw/Fex(100-z)/(100-z) My/(100-z) It is expressed, however, at least a kind 
of element chosen from the rare earth elements in which R contains Y - M is a kind of element chosen 
from Cu and In at least, wx and y show the atomic percent of each component element, z shows the 
content [atomic percent] of N added later, and wx, y, and z fill following the (1) - (4) type to 
coincidence. 
3<=w<=20 .... (1) 
25<-x<=93.95 .... (2) 
0.05<=y<=50 .... (3) 
3<=z<=30 .... (4) 

the manufacture approach of the magnetic material characterize by carry out nitriding treatment of the 
R-Fe-M system alloy which the mean distance between crystal grain be 0.01-3 micrometers , and have 
the microstructure to which the phase which make said M component a subject exist between crystal 
grain according to 200-650-degree C temperature conditions under the ambient atmosphere which 
contain a kind at least among nitrogen gas and ammonia gas while the main phase be ******** or the 
hexagonal polycrystal which use said R and Fe as a principal component . 



[Translation done,] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the rare earth system magnetic material excellent also 
in oxidation resistance while having the optimal high magnetic properties for applications, such as a 
small motor and an actuator, especially. 
[0002] 

[Description of the Prior Art] The magnetic material is used in the field even with the broad 
circumference terminal of an electrical home appliance, a sound product, autoparts, or a computer, and 
the importance as an electronics ingredient is increasing every year. Since the miniaturization of various 
electrical and electric equipment and efficient-ization have been required especially recently, the 
magnetic material of high performance is called for more. 

[0003] In response to the request of this time, the need of rare earth system magnetic materials, such as a 
Sm-Co system and a Nd-Fe-B system, is growing rapidly. However, a Sm-Co system magnetic material 
has unstable feeding, its raw material cost is high, and there is a trouble of being inferior to thermal 
resistance or corrosion resistance in a Nd-Fe-B system' magnetic material. On the other hand, the rare 
earth~Fe-N magnetic material is proposed as a new rare earth system magnetic material (for example, 
refer to JP,2-57663,A). This ingredient has magnetization, an anisotropy field, and the high Curie point, 
and it is expected as a magnetic material with which the fault of the above-mentioned Sm-Co system or 
a Nd-Fe-B system magnetic material is compensated. 

[0004] However, when this rare earth-Fe-N system ingredient was used having ground it finely, the front 
face oxidized, coercive force declined and there was a problem that the high magnetic properties which 
this ingredient originally has could not be demonstrated enough. As this cure, by including the metal 
components M, such as Cu and In, in a rare earth-Fe-N system ingredient, how to raise coercive force 
can be considered and it is indicated by JP,62-269303,A, JP,62- 136551, A, etc. about this rare earth-Fe- 
M-N system ingredient. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the rare earth-Fe-M-N system magnetic material 
indicated by each above-mentioned official report, the content of each component element is only 
specified and the crystal structure or microstructure are not specified. Moreover, according to the 
indication of said official report, since these magnetic materials are manufactured melting and by 
sintering in each component elements and these nitrides, what contains many nitriding iron, alpha-iron, 
nitriding rare earth, and nitrides of M and M in fact is obtained. Therefore, the magnetic properties 
which make coercive force the start deteriorated rather in many cases, without being improved, so that it 
is expected. 

[0006] This invention not only specifies the content of each component element in the alloy which 
constitutes a magnetic material, but aims at offering the rare earth-Fe-M-N system magnetic material 
having high magnetic properties and the outstanding oxidation resistance, and its manufacture approach 
by specifying the crystal structure and a microstructure. 
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[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the magnetic material 
of claim 1 is a general formula Rw Fex My Nz. It consists of matter expressed (however, at least, it is at 
least a kind of element chosen from the rare earth elements in which R contains Y, and a kind of element 
with which M was chosen from Cu and In, and wx, y, and z show the atomic percent of each component 
element, and fill following the (1) - (4) type to coincidence.), 
3<=w<=20....(l) 
25<=x<=93.95 .... (2) 
0.05<=y<=50 .... (3) 
3<-z<=30 .... (4) 

While the main phase is ******** or the hexagonal polycrystal which uses said R, Fe, and N as a 
principal component, the mean distance between crystal grain is 0.01-3 micrometers, and it is 
characterized by having the microstructure to which the phase which makes said M component a subject 

exists between crystal grain. 

[0008] The magnetic material of claim 2 is characterized by having having permuted 0.01 - 50 atom % 

of said Fe component by Co. Moreover, claim 3 is what offers the manufacture approach of such a 

magnetic material. General formula Rw/Fex(100-z)/(100-z) My/(100-z) It is expressed, however, at least 

a kind of element chosen from the rare earth elements in which R contains Y - M is a kind of element 

chosen from Cu and In at least, wx and y show the atomic percent of each component element, z shows 

the content [atomic percent] of N added later, and wx, y, and z fill following the (1) - (4) type to 

coincidence. 

3<-w<=20....(l) 

25<=x<=93.95 .... (2) 

0.05<-y<=50 .... (3) 

3<=z<=30 .... (4) 

While the main phase is ******** or the hexagonal polycrystal which uses said R, Fe, and N as a 
principal component, the mean distance between crystal grain is 0.01-3 micrometers, and it is 
characterized by carrying out nitriding treatment of the R-Fe-M system alloy which has the 
microstructure to which the phase which makes said M component a subject exists between crystal grain 
according to 200-650-degree C temperature conditions under the ambient atmosphere which contains a 
kind at least among nitrogen gas and ammonia gas. 

[0009] As rare earth elements (R) which are component elements of the magnefic material in claims 1 

and 2, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu are mentioned. A kind of 
element needs to be contained in this magnetic material among these at least. Therefore, the object 
which contains two or more sorts of rare earth elements like a misch metal or didym may be used. 
Desirable rare earth elements are Y, Ce, Pr, Nd, Sm, Gd, Dy, and Er. As a still more desirable thing, Y, 
Ce, Pr, Nd, and Sm are mentioned. 

[0010] The rare earth elements (R) used here do not interfere, even if the impurity with which mixing on 
manufacture is not avoided by industrial production that what is necessary is just the thing of available 
purity, for example, 0, H, C, aluminum, Si, F, Na, Mg, calcium, Li, etc., exists. The iron (Fe) which is 
. the component element of said magnetic material is a fiandamental component which bears 
ferromagnetism in this magnetic material, and needs to contain this iron component more than 25 atom 
%. Moreover, 0.01 of this iron component - 50 atom % can be permuted by Co, and by installation of 
Co, while the Curie point and magnetization go up, oxidation resistance can also improve. When it is 
written as an iron component below, what permuted 0.01 - 50 atom % of Fe by Co shall be included. 
[001 1] At least, although the metal (M) which is the component element of said magnetic material is a 
kind of element chosen from Cu and In As an M' component, Ga, aluminum, Zn, Sn, Mn, Cr, nickel, Li, 
A kind or two sorts or more of elements may be made to contain with Cu and/or In among the elements 
of Na, K, Mg, calcium, Sr, Ba, Ti, Zr, Hf, V, Nb, Ta, Mo, W, Pd, Ag, B, C, Si, germanium, Pb, and Bi. 
In this case, these contents are amounts which do not exceed the total quantity of Cu and In, and it must 
be made for the total quantity with Cu and/or In to have to serve as the range of 0.05 - 50 atom % 
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moreover. 

[0012] 0.05 to 50 atom % and a nitrogen component make [ a rare-earth-elements component / three to 
20 atom %, and an iron component / 25 to 93.95 atom %, and M component ] each presentation of the 
rare earth elements in said magnetic material, an iron component, M, and nitrogen three to 30 atom %, 
and it fills these to coincidence. When a rare-earth-elements component is under 3 atom %, the soft 
magnetic phase containing many iron components dissociates, the coercive force of a nitride declines, 
and it does not become , a practical permanent magnet. Moreover, if a rare-earth-elements component 
exceeds 20 atom %, a residual magnetic flux density falls and is not desirable. 
[0013] The addition effectiveness of M component over a R-Fe-N system magnetic material is mainly 
oxidation-resistant improvement. When M component is under 0.05 atom %, since the addition 
effectiveness of the above M is not demonstrated, it is not desirable. When 50 atom % is exceeded, since 
saturation magnetization falls, the range where the amount of M components is desirable is 0.1 to 30 
atom % preferably, in addition, addition of M component — the preparation approach of a hardener, and 
conditions - RFe3 a grain front face and near the grain boundary R of equality - the remanence ratio 
and coercive force of a nitride may be raised by M component's being condensed by the subphase which 
shows soft magnetism, such as a rich nitride phase, and forming said subphase into a nonmagnetic phase 

[0014] Like the after-mentioned, by introducing nitrogen to a R-Fe-M alloy, expansion arises in the 
crystal lattice of a R-Fe-M alloy, and oxidation resistance and magnetic properties can be improved. 
Since a nitrogen component carmot fully demonstrate such an operation, it is not desirable at under 3 
atom %. Since magnetization will become low and practicality will become small as a magnet ingredient 
application if 30 atom % is exceeded, it is not desirable. The more desirable range as a content of a 
nitrogen component is five to 25 atom %, and especially the desirable range is ten to 23 atom %. 
[0015] The content with the optimal nitrogen component is Prl2.2Fe79.0In8. 8 which changes with the 
R-Fe-M presentation ratio of the R-Fe-M-N system magnetic material made into the purpose, the 
abundance ratio of the main phase, crystal structures, etc., for example, has rhombohedron structure. In 
choosing as a raw material alloy, the content with the optimal nitrogen component serves as near 14-15 
atom %. Although the optimal nitrogen volume here differs according to the purpose, some are the 
nitrogen volume which becomes the optimal among the oxidation resistance in the magnetic material 
obtained, or much magnetic properties, and it is it becoming the minimum about the absolute value of 
the rate of a temperature change of coercive force, and the rate of heat demagnetization, and a magnetic- 
anisotropy ratio magnetic properties' being the optimal, and becoming the maximum about other 
magnetic properties. 

[0016] ******** which, on the other hand, uses said R, Fe, and N as a principal component for the 
crystal structure of the main phase in the magnetic material of claims 1 and 3 — or it specifies hexagonal. 
Such a main phase of the crystal structure is obtained introducing nitrogen into the R-Fe-M alloy 
(hardener) of the crystal structure which has ******** or the almost same symmetric property with h 
being hexagonal, i.e., by making nitrogen invade between the grids of said crystal, or making it permute 
by one of component elements (mainly M). 

[0017] By installation of the nitrogen to such a hardener, when crystal lattices are many, it expands. And 
at least one of each magnetic properties shown in oxidation resistance or the following improves by 
expansion of this crystal lattice. As magnetic properties, the saturation magnetization (4pils) of an 
ingredient, a residual magnetic flux density (Br), a magnetic-anisotropy field (Ha), anisotropy energy 
(Ea), a magnetic-anisotropy ratio, the Curie point (Tc), proper coercive force (iHc), a remanence ratio 
(Br/4pils), a maximum energy product [(BH) max], the rate (alpha) of heat demagnetization, and the rate 
(beta) of a temperature change of coercive force are mentioned. Here, a magnetic-anisotropy ratio is a 
ratio (a/b) of magnetization (a) of the difficult magnetization direction when carrying out 15kOe 
impression of the external magnetic field, and magnetization (b) of the easy magnetization direction, and 
the thing which has a small magnetic-anisotropy ratio is estimated that anisotropy energy is high. 
[0018] For example, Sml7.1Fe74.6Cu8.3 which has rhombohedron structure as a hardener When it 
chooses, by introducing nitrogen, a crystal magnetic anisotropy changes from plane anisotropy to 
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uniaxial anisotropy suitable as a hard magnetic material, and the magnetic properties and the oxidation 
resistance which make anisotropy energy the start improve. It is necessary to contain the main phase of 
the above crystal structures more than 50 volume % in the magnetic material of claims 1 and 2, and the 
phase which used as the principal component R, Fe, and N which have another crystal structure as a 
subphase in addition to this, or the phase which consists of another presentation may be contained in it. 
[0019] For example, RFel2-yM'y Nz Although a magnetic high nitride phase like a phase which takes 
****** may be included, in order to fully demonstrate the operation by said main phase, it is necessary 
to stop the content lower than the content of the main phase. It is very desirable practically that the 
content of the main phase exceeds 75 volume %. Moreover, while using the main phase of a hardener as 
******** or the hexagonal polycrystal which uses said R and Fe as a principal component by choosing 
the manufacture conditions of a hardener, the phase which makes said M component a subject shall exist 
the microstructure between crystal grain. 

[0020] The mean distance between crystal grain is 0,01-0.2 micrometers with the magnetic material of a 
pinning mold among the R-Fe-M-N system magnetic materials which manufactured the hardener of 
such structure according to specific manufacture conditions, introduced nitrogen into this hardener, and 
were obtained. Since the magnetic material of a pinning mold is what can make the fall of coercive force 
small even if a soft magnetism component arises on a grain front face by some oxidation, it turns into an 
ingredient with very high oxidation resistance. 

[0021] Since the phase which makes M component a subject exists between crystal grain even if the 
front face of fine particles oxidizes and that whose mean distance between crystal grain is 0.2-3 
micrometers among said R-Fe-M-N system magnetic materials is conjectured that existence of this M 
component suppresses the oxidation inside crystal grain, oxidation resistance serves as a very high 
ingredient. Moreover, since oxidation resistance also worsens, that to which the mean distance between 
crystal grain exceeds 3 micrometers is not desirable while the absolute value of coercive force becomes 
small. 

[0022] Therefore, mean distance between crystal grain is set to 0.01-3 micrometers in the magnetic 
material of claims 1 and 2. The range of the more desirable value of the mean distance between crystal . 
grain is 0.03-1 micrometer. In addition, the mean distance between the above-mentioned crystal grain is 
the value which measured the distance which connected the centers of one crystal grain and the crystal 
grain nearest to it about n crystal grain, and searched for the arithmetic mean. 
[0023] Moreover, the magnetic material of claims 1 and 2 may have the microstructure which the 
inclusion which makes M component a subject is distributing in this main phase, and coercive force and 
its oxidation resistance improve further in this case. It is desirable that hydrogen (H) is included in such 
a R-Fe-M-N system magnetic material in the range of 0.01 - 15 atom %, and it is still more desirable that 
oxygen (O) is included in the range of 0.01 - 15 atom %. Both more desirable hydrogen contents and 
oxygen contents are the range of 0.1 - 10 atom %. 

[0024] Therefore, especially the desirable presentation of the R-Fe-M-N system magnetic material in 

claims 1 and 2 is Rw Fex My Nz Hu Ov. When expressed, wx, y, z, u, and v which show the atomic 

percent of each component element fill following the (5) - (10) to coincidence. 

3<=w<=20 .... (5) 

25<=x<=92 .... (6) 

0.1<=y<=30.,.. (7) 

10<=z<=23 ....(8) 

0.1<=u<=10..,. (9) 

0.1<=v<=10.... (10) 

By the manufacture approach of claim 3, while the main phase is ******** qj. the hexagonal polycrystal 
which uses said R and Fe as a principal component Although nitriding treatment of the R-Fe-M system 
alloy which the mean distance between crystal grain is 0.01-3 micrometers, and has the microstructure 
to which the phase which makes said M component a subject exists between crystal grain is carried out 
according to 200-650-degree C temperature conditions under the ambient atmosphere which contains a 
kind at least among nitrogen gas and ammonia gas A more concrete approach is described below, 
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dividing for every item. 

As a manufacturing method of a <preparation of hardener> R-Fe-M alloy The RF solution process 
which dissolves all I component metals by the RF, and is cast to mold etc., By teaching all component 
metals to the boat which consists of RO copper etc., and dropping on the copper roll made to rotate the 
arc solution process mehed by arc discharge, and the mohen metal which carried out the Ha RF 
dissolution The fine particles of the super-quenching method which obtains a ribbon-like alloy, the gas 
atomizing method for spraying the molten metal which earned out the NI RF dissolution by gas, and 
obtaining alloy fine particles, a HO Fe component, and/or M component, or Fe-M alloy fine particles, 
Making the oxide fine particles of R and/or M, and a reducing agent react under an elevated 
temperature, and returning R, or R and M R/D which diffuses R, or R and M in Fe and/or Fe-M alloy 
powder - law ~ The alloy obtained by which approach is heated under a hydrogen ambient atmosphere, 
the mechanical alloying method to which the simple substance and/or alloy of HE each component 
metal are made to react, pulverizing with a ball mill etc., and the TO above ~ with the hydride of R 
and/or M once HDDR which is made to recombine, decomposing into Fe and/or M, or a Fe-M alloy, 
making it low voltage under an elevated temperature after this, and driving out hydrogen, and is alloyed 
— any of law may be used. 

[0025] When a RF solution process and an arc solution process are used, in case an alloy solidifies from 
a melting condition,. Fe subject's soft magnetism component tends to deposit. Especially this soft 
magnetism component causes the fall of coercive force, even after passing through a nitriding process. 
Therefore, it is desirable to adjust suitably melting conditions, the quality of the material, thickness of. 
the opening section, etc. of mold, etc., and to devise how a cooling rate becomes sufficiently quick. 
[0026] Furthermore, among inert gas, such as an argon and helium, or a vacuum, if annealing is 
performed in a 600 degrees C - 1300 degrees C temperature requirement, this soft magnetism 
component can be vanished or the microstructure of the alloy obtained can be controlled. Compared 
with the case where the alloy produced by this approach is produced with a super-quenching method 
etc., crystallinity is good and it has the high residual magnetic flux density. 
[0027] When a super-quenching method is used, detailed crystal grain is obtained and a submicron 
particle can also be prepared depending on conditions. However, when a cooling rate is large, 
amorphous-ization of an alloy takes place and magnetic properties, such as magnetization, fall after 
nitriding. Also in this case, armealing after the above alloy preparation is effective. Since the alloy 
obtained by the gas atomizing method takes a gestalt with spherical crystal grain in many cases, it is 
possible for pulverized coal to a coarse powder object to prepare the particle size to a large area 
according to the temperature conditions of the flow rate of gas or a molten metal etc. Also in this case, 
the above annealing is performed depending on conditions, and it is necessary to make crystallinity 
good. 

[0028] R/D - law, the mechanical alloyirig method, and HDDR.-- since it is possible to adjust crystal 
grain to the detailed magnitude of 0.01-3 micrometers, or to adjust a presentation and distribution 
condition of M component matrix phase to arbitration, it is easy to make the phase which makes M 
component a subject exist between the crystal grain of the main phase with the alloy prepared by law 
The conditions which anneal a hardener are selected within the limits of the above-mentioned according 
to the property of the magnetic material made into a presentation and the purpose of a hardener. For 
example, Sm2 Fel7NX It is desirable to heat-treat under an inert gas ambient atmosphere in a 600-1 100- 
degree C temperature requirement to suppress that make the phase which makes M component a subject 
exist between the crystal grain of the main phase, and coercive force deteriorates by oxidation. 
<Coarse grinding and classificafion> It is more efficient to nitride, after performing coarse grinding 
since nitriding treatment time amount will become long if the diameter of crystal grain is larger than 500 
micrometers although it is also possible to direct-nitride the alloy ingot produced by the above- 
mentioned approach, and to heat-treat it. 

[0029] Coarse grinding is performed using a jaw crasher, a hammer, a stamp mill, a rotor mill, a pin 
mill, a coffee mill, etc. Moreover, even if it uses grinders, such as a ball mill and a jet mill, according to 
conditions, the alloy powder of the suitable magnitude for nitriding treatment can be prepared. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



11/19/2007 



JP,06-168807,A [DETAILED DESCRIPTION] 



Page 6 of 11 



Moreover, if a screen, an oscillating-type or acoustic wave-type classifier, a cyclone, etc. perform grain 
refining after performing coarse grinding, nitriding treatment will be carried out more to homogeneity, 
[0030] In addition, the defect of structure may be. removable if annealing is performed in inert gas or 
hydrogen to coarse grinding and the magnetic powder obtained by classifying. 

<Nitriding and annealing> The gas containing nitrogen sources, such as ammonia gas and nitrogen gas, 
is contacted to the fine particles or the ingot of a R-Fe-M alloy obtained by the above-mentioned 
approach, and nitrogen is introduced into it in the crystal structure. 

[0031] When hydrogen is made to live together in a nitriding controlled atmosphere at this time, since 
the crystal structure can nitride to stabilization raw to the top where nitriding effectiveness is high, it is 
desirable. Moreover, in order to control a nitriding reaction, inert gas, such as an argon, helium, and 
neon, may be made to live together. A nitriding reaction is [ whenever / gas presentation and stoving 
temperature ] controllable by changing conditions, such as the heating processing time and welding 
pressure. 

[0032] Although it changes with a hardener presentation or nitriding ambient atmospheres, let whenever 
[ stoving temperature ] be the range of 200-650 degrees C. A desirable temperature requirement is 250- 
600 degrees C. Moreover, if it anneals in inert gas and/or hydrogen gas after nitriding, magnetic 
properties can be improved further. As nitriding / annealing equipment, the tube furnace of a horizontal 
type or a vertical mold, a rotating type fission reactor, a direct-vent-system fission reactor, etc. are 
mentioned. In order to obtain the fine particles to which nitrogen presentation distribution was equal 
especially, it is desirable to use a rotating type fission reactor. 

[0033] As the supply approach of the gas used for a reaction, there is an air-current method with which a 
fission reactor sends in the air current of one or more atmospheric pressures, an enclosure method which 
encloses gas with 0.01 to 70 atmospheric pressure in a container, or an approach which combined them, 
keeping a gas presentation constant. The optimal processing conditions in such nitriding treatment 
change with a surface state, microstructures, etc., when it is [ whether a hardener is an ingot or they are 
fine particles, and ] fine particles, and it is an ingot by the surface state, the diameter of crystal grain, 
grinding particle size, a microstructure, etc. 

[0034] In order to consider as a practical hard magnetic material especially, pulverizing and magnetic 
field shaping as shown below after the above-mentioned processing, and magnetization may be 
performed. 

The <pulverizing> pulverizing approach is selected according to the amount of the hydrogen contained 
in a magnetic material, or oxygen, and a target grinding particle size. As grinding equipment used, a 
rotation ball mill, a vibration ball mill, a planet ball mill, a wet mill, a jet mill, a cutter mill, a pin mill, 
and an automatic mortar are mentioned. Combining these, it may divide into two or more steps, and you 
may grind. 

[0035] In addition, M component is fiirther added at this process, it heat-treats before the following 
<magnetic field shaping> process or to the back, and the absolute value of various magnet ingredients 
then a remanence ratio, or coercive force can be improved. 

<Magnetic field shaping> In applying the magnetic fine particles obtained by doing in this way to an 
anisotropy bond magnet, after mixing with a thermosetting resin metallurgy group binder, it performs 
magnetic field shaping by pressing all over a magnetic field, or performing injection molding all over a 
magnetic field, after kneading with thermoplastics. In order to obtain sufficient magnetic field 
orientation, 10 or more kOes of such magnetic field shaping are preferably performed all over the 
magnetic field of 15 or more kOes still more preferably. 

[0036] Moreover, in producing an anisotropy bond magnet, it uses M component also as a metal binder 
or a finishing agent. 

A <magnetization> sintered magnet ingredient and the anisotropy bond magnet ingredient obtained as 
mentioned above magnetize, and usually raises the magnet engine performance. 

[0037] This magnetization is performed using the electromagnet which generates a static magnetic field, 
the capacitor magnetization machine which generates a pulse magnetic field. In order to perform 
sufficient magnetization, 15 or more kOes of magnetic field strength are preferably set to 30 or more 
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kOes still more preferably. 
[0038] 

[Function] According to claim 1, high magnetic properties can be given [ specify /******** which uses 
R Fe, and N as a principal component for the crystal structure of the polycrystal which makes the main 
phase of said alloy, or / specifying the presentation of each component element in a R-Fe-M-N system 
magnetic material by the formula of (1) - (4), and / hexagonal ] to a R-Fe-M-N system magnetic 
material. 

[0039] Moreover, the mean distance betw^een the crystal grain in this polycrystal is 0.01-3 micrometers, 
and oxidation resistance can be made very high from the following reasons by considering as the 
microstructure to which the phase which makes said M component a subject exists between crystal 
grain. That is, the mean distance between crystal grain is 0.01-0.2 micrometers with the magnetic 
material of a pinning mold. Since the magnetic material of a pinning mold is what can make the fall of 
coercive force small even if a soft magnetism component arises on a grain front face by some oxidation, 
it turns into an ingredient with very high oxidation resistance. 

[0040] Since the phase which makes M component a subject exists between crystal grain even if the 
front face of fine particles oxidizes and that whose mean distance between crystal grain is 0.2-3 
micrometers is conjectured that existence of this M component suppresses the oxidation inside crystal 
grain, oxidation resistance serves as a very high ingredient. According to claim 2, by installation of Co, 
while the Curie point and magnetization go up, oxidation resistance can also improve. 
[0041] While the main phase is ******** or the hexagonal polycrystal which uses R and Fe as a 
principal component according to claim 3 The R-Fe-M system alloy which the mean distance between 
crystal grain is 0.01-3 micrometers, and has the microstructure to which the phase which makes said M 
component a subject exists between crystal grain It permutes by the element which invades between the 
crystal lattices of the main phase which nitrogen becomes from R-Fe, or makes M component by 
carrying out nitriding treatment on 200-650-degree C temperature conditions under the ambient 
atmosphere which contains a kind at least among nitrogen gas and ammonia gas. 
[0042] Thereby, while the main phase is ******** or the hexagonal polycrystal which uses said R, Fe, 
and N as a principal component, the mean distance between crystal grain is 0.01-3 micrometers, and the 
R-Fe-M-N alloy which has the microstructure in which the phase which makes said M component a 
subject between crystal grain exists can be obtained. 
[0043] 

[Example] Below, the example of this invention is shown. The measuring method and the evaluation 

approach of each property are as follows. 
«magnetic-properties» Proper coercive force estimated. 

[0044] That is, they are R-Fe-M-N system magnetism fine particles with a mean particle diameter of 
about 7 micrometers The inside of external magnetic field 15kOe, and 12 ton/cm2 It fabricated to about 
5mmxlOmmx2mm, and after carrying out pulse magnetization of this Plastic solid under a room 
temperature in the magnetic field of 60kOe, proper coercive force (iHc/kOe) was measured with the 
oscillating sample mold magnetometer (VSM). 

«nitrogen volume, amount of oxygen, and amount of hydrogen» The quantum of nitrogen volume 
and the amount of oxygen was carried out with the inert gas fusion method by making Si3 N4 (it being 
quantum **** about Si02) into a standard sample. The quantum of the amount of hydrogen was carried 
out with the inert gas fusion method by making high grade hydrogen gas (99.999%) into standard gas. 
«mean-particle-diameter» It measured using the Lee nurse specific-surface-area meter. 
«anti-oxidation engine-performance- 1» The retention (%) of proper coercive force before and after 
holding at 1 10 degrees C for 200 hours estimated. 

[0045] That is, after putting the mold goods which evaluated proper coercive force (A) as mentioned 
above into the 110-degree C thermostat and holding them for 200 hours, proper coercive force (B) was 
measured like the above, and B/A was computed. What has higher retention has the higher anti- 
oxidation engine performance. Especially the thing that exceeds 70% of retention since the exam is 
estimating without adding various binders can be judged to be an ingredient sufficiently usable as 
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practical use physical properties when considering for example, as a bond magnet. 
«anti'Oxidation engine-performance-2» lOmg of coarse powder object samples adjusted to the mean 
particle diameter of 1 5 micrometers was paid to the thermobalance, and the weight rate of change (% of 
the weight) when carrying out a teniperature up from 50 degrees C to 250 degrees C at the rate of 10 
degrees C / min was measured among the air air current of 50 ml/min. The thing which has small weight 
rate of change cannot oxidize easily. 

It is Sml3.2Fe78.1Cu8.7 by carrying out dissolution mixing with a RF fusion furnace under an argon 
gas ambient atmosphere using Sm of 99.9% of <example 1> purity, Fe of 99.9% of purity, and Cu of 
99.9% of purity, and annealing at 900 degrees C continuously by 940 degrees C in argon atmosphere 
further for 100 hours for 7 hours. The alloy of a presentation was prepared. 
[0046] After the jaw crasher ground this alloy and the rotor mill in nitrogen-gas-atmosphere mind 
subsequently ground further, the screen adjusted grain size and fine particles with a mean particle 
diameter of about 50 micrometers were obtained. These Sm-Fe-Cu alloy fine particles were taught to the 
horizontal-type tube furnace, and in 450 degrees C, after heat-treating and annealing in an argon air 
current continuously in the mixed air current of ammonia partial pressure 0.32atm and hydrogen gas 
0,68atm, it adjusted to the mean particle diameter of about 15 micrometers. Subsequently, the jet mill 
ground this coarse powder object in mean particle diameter of about 7 micrometers. 
[0047] At this time, as grinding gas, nitrogen was made into the subject and the gas in which oxygen and 
a steam were made to mix in part was used. The presentation of the obtained Sm-Fe-Cu-N system fine 
particles and the evaluation result of the anti-oxidation engine performance are collectively shown in 
Table 1. The proper coercive force of the Plastic solid of the Sm-Fe-Cu-N system fine particles ground 
to 7 micrometers was 10.5kOe(s), and residual magnetic flux densities were 7.4kG(s). In addition, as a 
result of analyzing with an X-ray diffraction method, this ingredient was polycrystal which mainly 
consists of ********. 

[0048] Moreover, as a result of the analysis by SEM and the TEM photograph, the mean distance 
between crystal grain is 0.1 micrometers, and the phase which makes Cu a subject between crystal grain 
was accepted. 

It is Sml2.8Fe8LlIn6,l by carrying out dissolution mixing with a RF fusion furnace under an argon gas 
ambient atmosphere using Sm of 99.9% of <example 2> purity, Fe of 99.9% of purity, and In of 99.9% 
of purity, and annealing at 800 degrees C continuously by 1050 degrees C in argon atmosphere further 
for 50 hours for 1 hour. The alloy of a presentation was prepared. 

[0049] The coarse powder object with a mean particle diameter of 15 micrometers was hereafter 

acquired like the example 1, and Sm-Fe-In-N system fine particles with a mean particle diameter [ of the 
presentation shown in Table 1 ] of 7 micrometers were obtained. The proper coercive force of the Plastic 
solid which consists of 7-micrometer fine particles was 7.3kOe(s), and residual magnetic flux densities 
were 6.5kG(s). In addition, as a result of analyzing with an X-ray diffraction method, this ingredient was 
polycrystal which mainly consists of********. 

[0050] Moreover, as a result of the analysis by SEM and the TEM photograph, the mean distance 
between crystal grain is 2.3 micrometers, and the phase which makes In a subject between crystal grain 
was accepted. 

It is Sml2.8Fe60.8Co20.3In6.1 by carrying out dissolution mixing with a RF fusion furnace under an 
argon gas ambient atmosphere, and annealing at 900 degrees C continuously by 980 degrees C in argon 
atmosphere fijrther for 96 hours for 1 hour using Sm of 99.9% of <example 3> purity, Fe of 99.9% of 
purity, Co of 99.9% of purity, and In of 99.9% of purity. The alloy of a presentation was prepared. 
[0051] The coarse powder object with a mean particle diameter of 15 micrometers was hereafter 
acquired like the example 1 , and Sm-Fe-Co-In-N system fine particles with a mean particle diameter [ of 
the presentation shown in Table 1 ] of 7 micrometers were obtained. The proper coercive force of the 
Plastic solid which consists of 7-micrometer fine particles was 9.0kOe(s), and residual magnetic flux 
densities were 9.2kG(s). In addition, as a result of analyzing with an X-ray diffraction method, this 
ingredient was polycrystal which mainly consists of********. 

[0052] Moreover, as a result of the analysis by SEM and the TEM photograph, the mean distance 
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between crystal grain is 0.07 micrometers, and the phase which makes In a. subject between crystal grain 
was accepted. 

Dissolution mixing of Sm of 99.9% of <example 4> purity, Fe of 99.9% of purity, and the In of 99.9% 
of purity was carried out by the same approach as an example 1 , and the Sm-Fe-In alloy was obtained. 
[0053] After teaching this alloy to the quartz nozzle and carrying out the RF dissolution under an argon 
gas ambient atmosphere, the sample of a thin film integrated circuit was adjusted by dropping that 
molten metal on a copper roll with a diameter [ of 25cm ] currently rotated by rotational-speed lOOOrpm, 
and a width of face of 2cm. Furthermore, it is Sml2.8Fe81.0In6.2 by annealing this sample at 750 
degrees C continuously for 15 minutes by 1000 degrees C among argon atmosphere for 3 hours. The 
alloy of a presentation was prepared. 

[0054] A coarse powder object with a mean particle diameter of about 15 micrometers and fine particles 
with a mean particle diameter of about 7 micrometers were obtained by nitriding, annealing and grinding 
the sample of this thin film integrated circuit by the same approach as an example 1 . The presentation of 
the obtained Sm-Fe-In-N system fine particles and the evaluation result of the anti-oxidation engine 
performance are collectively shown in Table 1. Moreover, the proper coercive force of the Plastic solid 
of the Sm-Fe-In-N system fine particles ground to 7 micrometers was 10.5kOe(s), and residual magnetic 
flux densities were 7,0kG(s). In addition, as a result of analyzing with an X-ray diffraction method, this 
ingredient was polycrystal which mainly consists of********. 

[0055] Moreover, as a result of the analysis by SEM and the TEM photograph, the mean distance 
between crystal grain is 0.03 micrometers, and the phase which makes In a subject between crystal grain 
was accepted. 

<Example 1 of a comparison> By making it be the same as that of an example 1, the Sm-Fe-N system 
fine particles of the presentation shown in Table 1 were obtained except not adding Cu. The evaluation 
result of the anti -oxidation engine performance of the obtained fine particles is also collectively shown 
in Table 1 . 

[0056] Moreover, the proper coercive force of the Plastic solid of the Sm-Fe-N system fine particles 
ground to 7 micrometers was 2.7kOe(s), and residual magnetic flux densities were 8.2kG(s). The above 
result is collectively shown in the following table 1 . 
[0057] 
[Table I] 
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[0058] In the examples 1-4, the retention of proper coercive force was as high as 90% or more, and 
weight rate of change was as smaller as 0.04 - 0.07 % of the weight than the result of Table 1 . Compared 
with this, in the example 1 of a comparison, the retention of proper coercive force was as low as 64%, 
and weight rate of change was as large as 0.26 % of the weight. 

Sm-Fe-N system fine particles with a mean particle diameter of 7 micrometers obtained in the example 1 
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of the <example 2 of coinparison> comparison were ground to 2 more micrometers. The retention (anti- 
oxidation engine performance -1) of the proper coercive force about the obtained pulverized coal was 
53%, the proper coercive force when considering as a Plastic solid was 9.5kOe(s), and residual magnetic 
flux densities were 7,6kG(s). 

Sml0.6Fe67.3In5.1 N15.2H0.5O1.3 [ with a particle size of about 7 micrometers ] obtained in the 
<example 3 of comparison> example 2 After carrying out magnetic field shaping of the fine particles of 
a presentation on condition that 2 ton/cm2 and 15kOe, it heat-treated on 1 100 degrees C and the 
conditions of 1 hour under argon atmosphere. The proper coercive force of the Plastic solid of Ushiro 
who quenched this was 0.1 or less kOes. The proper coercive force of the fine particles which pulverized 
this Plastic solid to about 7 micrometers again was 0.1 or less kOes. 

[0059] In addition, as a result of analyzing the crystal structure of this ingredient according to an X 
diffraction, the diflraction line corresponding to alpha-iron and nitriding iron was mainly detected. 
[0060] 

[Effect of the Invention] As explained above, high magnetic properties can be given [ specify / 
******** which uses R Fe, and N as a principal component for the crystal structure of the polycrystal 
which makes the main phase of said alloy, or / specifying the presentation of each component element in 
a R-Fe-M-N system magnetic material according to claim 1 , and / hexagonal ] to a R-Fe-M-N system 
magnetic material. 

[0061] Moreover, the mean distance between the crystal grain in this polycrystal is 0.01-3 micrometers, 
and oxidation resistance can be made very high by considering as the microstructure to which the phase 
which makes said M component a subject exists between crystal grain. Consequently, the rare earth-Fe-r 
M-N system magnetic material having high magnetic properties and the outstanding oxidation resistance 
can be offered. 

[0062] According to claim 2, the Curie point and magnetization go up and the magnetic material by 
which the oxidation-resistant nearby improvement was carried out is obtained. While the main phase is 
******** or the hexagonal polycrystal which uses said R and Fe as a principal component according to 
claim 3 The R-Fe-M system alloy which the mean distance between crystal grain is 0.01-3 micrometers, 
and has the microstructure to which the phase which makes said M component a subject exists between 
crystal grain under the ambient atmosphere which contains a kind at least among nitrogen gas and 
ammonia gas By carrying out nitriding treatment on 200-650-degree C temperature conditions, the rare 
earth-Fe-M-N system magnetic material having high magnetic properties and the outstanding oxidation 
resistance is obtained. 



[Translation done.] 
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